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POLARIZATION INDEPENDENT COHERENT LIGHTWAVE DETECTION ARRANGEMENT 



Background of the Invention 
Reld of the Invention 

5 

The present invention relates to a polarization independent coherent lightwave detection arrangement and, 
more paificulariy. to a coherent detection arrangement where only the polarization state of the local oscillator 
must be known to recover information from the transmitted optk:al signal. The arrangement utilizes only a single 
polarization t>eam splittar to provide polarization independent operation. 

10 

Description of the Prior Art 

Optical ligiitwave detection systems have been extensively described in the literature. Such systems offer 
neariy ideal detection sensitivity, as well as selectivity simHar to that obtained at radio frequencies. In coherent 

IS lightwave systems which use heterodyne/homodyne techniques, the polarizatkin state of the local oscillator 
must be matched to the polarization state of the incoming transmitted signal in order to achieve accurate recov- 
ery of the data. Any departure from polarization matching will result in degradation of the system performance. 
One solution to the problem of polarization matching is the utilization of a polarization diversity receiver arrange- 
ment which insures correct operatton of the system, despite any fluctuations in the polarization state of the 

20 received data signal. In general, a polarization diversity arrangement functions to split both signals Into known, 
orthogonal polarizatbn states and separately manipulate each orthogonal component 

Several variations of polarization diversity schemes have been proposed and demonstrated. One particular 
prior art scheme utilizes an optical hybrid including a single t>eam splitting cube and a set of optical three coup- 
lers to provkie the required orthogonal signal components. A description of this particular arrangement Is con- 

25 tabled ki an article entitied "Polarization diversity coherent optical receiver witii a balanced receiver 
configuration", by M. Shebutani et al., appearing in the Proceedings of the ECOC 88 . September 1 987, at pp. 
151-3. In the Shebutani et al. arrangement, the message signal components, after polarization separation, are 
mbced witfi ttie local osdilator in a 3dB fiber coupler. The local oscillator signal is divided equally by a 3dB coup- 
ler and the polarization state of each local osdDator component s manipulated, using polarization adjusters, 

30 to match the polarization state of tts paired message signal component However, since ttie polarization stats 
of each signal is subject to drift, the polarization adjusters must be continuously monftored to insure opthium 
system performance. 

Therefore, a need remains In the prior art for a coherent lightwave detection system which is truly polari- 
zation independent and requires a minimum number of sensitive components. 

35 

Summary of the Invention 

The need remaining In the prior art is addressed by the present invention which relates to a polarization 
independent coherent lightwave detection arrangement and, more particulariy, to a coherent detection anange- 

40 ment where only the polarization state of the local oscillator must be known to recover information from the 
transmitted optical signal. The arrangement utilizes only a single polarization beam splitter to provide polari- 
zation independent operation. 

In accordance witti one embodiment of the present invention, a coherent lightwave detection arrangement 
utBizes an optical hybrid including a single polarization beam splitter and a set of tiiree polarization maintaining 

45 opticalcouplers(anlnputcouplerfordividlngandapairofoutputcouplersforcombining).Thesetoffourou^ 
from ttie optical hybrid (two of a first polarization state and two of an orthogonal polarization state) are subse- 
quentiy applied as inputs to a receiver which converts the lightwave signals into electrical representetions and 
demodulates the electrical signals to recover the data. In operation of the optical hybrid, a received message 
signal is applied as an Input to the polarization beam splitter to fonn a pair of orthogonal components. A local 

50 oscillator signal is applied as an input to the input coupler/divider, where the coupler is configured so as to pro- 
vide as an output a pair of substantially equal (in tenns of power) local oscillator components. A component 
firom 6ach signal is applied as an input to one of tiie pair of output coupler/combiners. The pair of output couplers 
thus provides as ttie output from the optical hybrid a setof four mixed signals (including both received message 
signal and local oscillator), two signals of each polarization stete. In accordance witti the teachings of the pre- 

55 sent Invention, the optical waveguides interconnecting the polarization beam splitter and set of polarization 
maintaining couplers are preferably pdarfcEation maintaining guides In order to provide optimum system per- 
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formance. 



In an alternative emt)odiment, the optical hylHid of the present invention may simultaneously process a 
pair of message signals without requiring any additional components. In particular, the message signals are 
applied to orthogonal Input ports of the polarization beam splitter. The orthogonality between the resultant com- 
ponents at the splitter output results In a system with relatively low crosstalk. A pair of local oscillators (operating 
at different frequencies) is then used to demodulate and recover the separate data signals. 

In accordance with yet another embodiment, an optical hybrid may be modified to provide both polarization 
and phase diversity. Phase diversity aOows for the use of broader finewidth lasers by providing a first pair of 
outputs with relative phases of 0** and 1 80** and a second pair of outputs with relative phases of 90* and 270*. 
The optical hybrid of this particular embodiment of the present invention utilizes two such phase diverelty 
arrangements, one for each polarization state. Therefore, the outputfrom the hybrid consists of eight separate 
optical signals - fbur of each pdwization state. 

It is an advantage of the present inventbn that by fixing the polarization state of the local oscOlator, only 
a single polarization beam splitter is utilized, resulting in improved perfbnnance over prior art anangements. 

In one particular embodiment of the present invention, the optical hybrid may be monofithie in forni, with 
the polarization beam splitter and set of polarization maintaining optical couplers fbnmed as part of an optical 
substrate and interconnecting polarization maintaining integrated optical waveguides utilized to couple together 
the various devices. 

In an alternative embodiment of the present invention, the optical hybrid may be formed using discrete 
devices, witii polarization maintaining optical fiber used to interconnect the devices. 

Other and further advantages of the present invention will become apparent during the course of the fol- 
lowing discussion and by reference to the accompanying drawings. 

Brief Description of the Drawing 

Referring now to the drawings, where like numerals represent like components In several views: 

FIG, 1 illustrates a polarization independent coherent lightwave detection arrangement utilizing an optical 

hybrid fonned in accordance witti the present invention; 

FIG. 2 iHustrates an alternative coherent detection anrangement utilizing a pdarizatton and phase indepen- 
dent optteal hybrid tomed In accordance witii the present invention; and 

FIG. 3 inustrates an alternative phase diversity portion of an optical hybrid which may be used in the 
anrangement as Illustrated in FIG. 2. 

Detaiied Descripflon 

A coherent lightwave detection system 10 which is insensitive to, or independent of, the polarization state 
of the received message signal is illustrated in FIG. 1. Refenring to FIG. 1. system 10 includes an optical hybrid 
1 1 for reception of the incoming optical signals and a receiver 1 3 which converts the output of optical hybrid 
11 Into an eiectical representation of ttie recovered data signal. In particular, optical hybrid 11 receh^es as a 
pair of inputs a received lightwave message signal E,(t) and a local oscniator lighhvave signal Eu)(t). Message 
signal E.(t) Is presumed for the present discussion to be a DPSK signal which can be expressed as follows: 



where M(t) represents the DPSK modulation signal having values of either +1 for a logic "1" or-1 for a logic 
"0". The value is defined as tiie earner frequency and e.(Q is the phase noise associated with the canier. 
Simnariy, local oscillator signal E^o (t) can be expressed as: 



where is the carrier frequency and Qu^i) is the phase noise associated with the carrier. 

Referring to FIG. 1, message signal E,(t) is first applied as an input to a polarization beam splitting means 
12 which functions to split signal E,(t) into a pair of orthogonal components. Means 12 may comprise a polari- 
zation beam splitting cube, a fiber polarizer, or any other device capable of providing the required polarization 
splitting function. For ttie sake of the present dis^ssion, ttie orthogonal components will be referred to as a 
•VerficaT (V) component Bv(t) and a "horizontal" (H) component Bf^t). When perfonning the polarization beam 
splitting, ttie power P. of message s^nal EJfi is split into orthogonal components as represented by ttie fdi- 
towing: 



E,(l)=M(l)^cos[(D,l4e,(l)L 



Elo(0=>/2Plo cos[a)ijot^u>(i)l. 
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where p2 represents the portion of message signal E.(t) which is of the "horizontal* poiarization and the quantify 
(1-p2) represents the portion of signal Which is of the "vertical' poiarization. The quantity "p" is unknown 
and in most cases wQl vary as a function of time. The outputs from splitting means 12 can ttnis bB expressed 



EH(t)=M(t)V 2p^cos[(0 ^t4q,(t>H>il, and 
Ev(t)=M(t)V2(l-i)^)Ps costa).t+8,(tH>2l. 



where and ^2 depend on the phase of the polarization components of the input signal Ea(t), measured relative 
to the polarization axes of polarization beam splitter 12. Component E^t) then coupled into a first section 
14 of polarization maintaining waveguide and propagates through hybrid 1 1 into a first pdarization maintaining 

15 coupler 1 6. In a similar manner, component Ev(t) is coupled into a second section 1 8 of polarization maintaining 
waveguide and is applied as an Input to a second polarization maintaining coupler 20. It is to be understood 
that the term "polarization maintaining waveguide" as used throughout tills description is presumed to include 
polarization optical fiber or, alternatively, polarization maintaining integrated waveguides, the latter utflized 
when optical hybrid 1 1 is formed as a monolithic structure, incorporating integrated waveguides witiiin an optical 

20 substrate. 

As shown in FIG. 1, local osciilator signal Eu>(t) is applied as an input to a third polarization maintaining 
coupler 22 of hybrid 1 1 . which functions to split signal Suoi^) Into relatively equal power components. Since the 
polarization state of the local oscHlator is known (and is fixed as a function of time), coupler 22 may be designed 
to evenly split the power P|,o of the local oscillator t>etween the two output branches. Therefore, the local osciK 
2S lator output signals from courier 22 can be expressed as the following: 

Eloi(0 = and 

Eij02(l) = — — ; or 

Euoift) = \/PLDCOs[cDLoi+eijo(01. and 
35 Ejjo2(t) = a/Plo sinla)ijot4eu)(t)l. 

Referring to FIG. 1 , local oscDIator component E{.oi(t) is subsequentiy launched into a section 24 of polarization 
maintaining waveguide which is coupled as the second input to first polarization maintaining coupler 16. Simi- 
larly, component EtozCt) is launched into a section 26 of polarization maintaining waveguide which is coupled 

40 as the second input to second polarization maintaining coupler 20. 

In accordance with the princtpies of the present invention, polarization maintaining waveguides 14, 18, 24 
and 26 are applied to couplers 16 and 20 such that the inputs thereto are of the same polarization state and 
will therefore combine as ttiey travel through their respective couplers. For example, it will be assumed that 
the local oscillator is lineariy polarized and launched In polarization maintaining waveguides 24 and 26 sutih 

45 that it will align with the "horizontal" polarization component Et^i) of message signal Et(t). Therefore, the com- 
bination of E^i) witii Etoi(t) in first coupler 16 will naturally provide their sum witiiout any need for adjustment 
The outputs from first coupler 16 can thus be expressed as: 



50 
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^ [EH(t) + jEtoift)] ^ 
EhiW = q= . and 



„ [ELoi(t) + jEH(t)3 
Eh2(0 = ^^^^ ; or 

EHi(t)=M(t)pVP»cos((i>sl4«,(t)4<XH) + ^ sin(coijot+eu>(t)+pH). and 

EH2(t)=M(t)p>/prsin(co.t+e,(t>KrH) + ^cos(ci)Lot+eijo(t)+pH). 



where Oh and Ph are defined as the phase shift introduced by hybrid com|K>nent 16. 

In contrast to the above, component Ev(t) of the message signal which is applied to coupler 20 will be ortho- 
gonal to component EL02(t) if no adjustment Is perfbnmed. Tlius. the two signals will not properiy ccMtibina 
Therefore. In accordance with the teachings of the present Invention, section 18 (or, section 26) of polarization 
maintaming waveguide is modified so as to affect a 90** rotation at the input to coupler 20. The rotation wfll insure 
that component Ev{t) will align with local oscillator component EL02(t). If waveguides 18, 26 are formed of pol- 
arizatton maintaining optical fiber, the rotation may be easily accoir^ished simply by physically rotating the 
appropriate f»>er 90* at the input to coupler 20. As with first coupler 1 6, the outputs Evi(t} and Ev2(t) from second 
coupler 20 can be expressed as fbllows: 



^ [Ev(t) + jEix>a(t)] ^ 
Evid) = ^= . and 

^ [EL02(t) ^ jEv(t)l 
Ev2(t) = : or 

Evi(t)=M(tW >^sin(C0st+es(0+ttv) " 'yj cos(o)u>t+6ijo(t)+Pv). and 

Ev2(t) = -MdWlV VPrcos((i>,i+es(tVKXv) + ^j'Y' ^"(^^-^UjftHPv). 

where ay and pv are defined as the phase shift introduced by hybrid component 20. The presence of the com- 

ponents V and ^ ^" in the above equations indicates fliat there remains a polarization dependence in 
these output signals. Therefore, at the output of couplers 16 and 20. the signals are launched into polarization 
maintaining waveguides so as to maintain the orthogonality between the two pairs of outputs. Referring to FIG. 
1, it is shown that signal EhiW »s launched into polarization maintaining waveguide 27. signal EH2(t) into pol- 
arization maintaining waveguide 28, signal Ev^o into polarization maintaining waveguide 29, and lastly, signal 
Evz(t) Into polarization maintaining waveguide 30. As shown in FIG. 1. waveguides 26-30 form the output of 
optical hybrid 11. 

The outputs from hybrid 11 are subsequently applied as the Inputs to receh^er 13. where receiver 13 first 
perfonm an optical/electrical conversion and subsequently demodulates the electrical signals to recover there- 
from the transmitted message signal. Refen-ing to FIG. 1, signals EhiW and B^{i) are applied as Inputs to a 
first balanced receiver 32 which luncb'ons to convert the optical signals into electrical representations thereof, 
in particular, signal EHi(t} is applied as an input to a first photodiode 34 and signal EH2(t) is applied as an input 
to a second photodiode 36. The photocurrent outputs are then combined in an amplifier 38 to provide as an 
output of first balanced receiver 32 a photocurrent denoted t^fi), Similariy, signals Evi(t) and Ev2(t) are applied 
as inputs to a second balanced recehfer 40, Including a pair of photodlodes 42,44 and an amplifier 46, where 
second balanced receiver wUI generate as an output a second photocurrent, denoted iv(t). In general, photo- 
currents Mt) and iv(t) can be expressed as follows: 



iH(t) = C[EHi^(t) - EH2^(t)]. and 
ivO) = CDBvi^d) - Ev2^(t)l, 
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where C Is defined as the kncjwn constant^. Referring to the above equations, it can t>e shown that 

Ehi^W = ^ + + M(t)r\/ Plo Y sin(o>iF+<Kt)). and 
Em^d) * + -y- - M(i)p>J Puoy sin«i)iFt+^t)). 

where " Bt0(t)-e,(Q, and cdif Is the intermediate frequent defined as olo -<»•• Subtracting ftam Ehi^Q 
will solve for the photoeumnt and yield the foDaMring relationship: 



« iH(0 = 2CM(t)p-y^ Pto-y sin[«o,FlH(t)l. 

P P 

since the DC ten ns !^ and-Tr wQI cancel, in a similar manner, it can be shown that 



iv(t) = 2CM(t)Vl^^ Puo-y sin[fi>iFt44(t)]. 



25 Both photocurrents and iv(t) stili contain "p" tenms and as such are considered to be polarization dependent 
The polarization dependence can be removed utilizing a signal squaring operation, as discussed in detail below. 

Referring to FIG. 1, photocurrent iH(t)4s applied as an Input to a first squaring device 50 and photocurrent 
iv(t) b applied as an input to a second squaring device 52. Device 50 (in this particular example, a delay demod- 
ulator) functions to split current iH(t) into first and second components and subsequently delay one component 
30 by a time period t with respect to the other component The delay is illustrated in FIG. 1 as a loop within device 
50. The signals ^(t) and iH(t-T) are then multiplied together by a multiplier 54 to form a first squared output current 
in^t), where ^t) can be expressed as: 

U^i) = 2C2M{t)M(t-c)p2PLjoP.cos{A4), 
where is defined as the quantity ^t)-^t-T). Simiiariy, photocurrent iv(t) Is applied as an input to squaring 
35 device 52, including a multiplier 56, to form a second squared output cunrent iy^t), where 

KHt) = 2C2M(t)M(t-T)(1-p2)Pu,P^os{A«. 
In accordance with ttie teachings of the present Invention, the delay t in each squaring device 50,52 should 
be essentially identical. 

The squared output currents iH^t) and iv^t) are subsequently filtered by^a pair of t>andpass filters 56,60 to 
40 remove any unwanted harmonic components. The filtered signals iH^t) and ivHO are then electricaily summed 
in an adding noeans 62 to provide the output recovered message signal R(t) from detection system 10. in par- 
ticular, 

45 R(t) = IhW + iv(t) 

= Id V) + P^l ' [C?M(t)M(i-x)Pu>P,cos(A<|))l 
- (?M(i)M(t-x)Pij6P.cos(A«X 

so where the polarization dependent components "p" and "1-p^ have been eliminated from the recovered mes- 
sage signal R(t). by virtue of the squaring operation. 

The system as shown in FIG. 1 may be used, as mentioned above, to recover a pair of separate input sig- 
nals, without requiring any additional components. As shown, a second input signal E'.(t) is applied as a second 
Input to polarization beam splitter 12 in a manner such that the output components firom splitter 12 wDl be ortho- 

55 gonaJ with respect to original signal E,(t). That is, the components of both s^nals traveling along waveguide 
14 win be orthogonal and, slmllariy, the components traveling along waveguide 18 will be orthogonal. Advan- 
tageously, the properties of a polarization maintaining waveguide are such that orthogonal polarizations of the 
same state wQI both be guided, with minimal crosstalk. An additional local oscHtator E'Li>(t) (at a frequency other 
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than <dlo) (s applied to the remaining input of coupler 22 for mixing with E'Jfy to provide the same types of mixed 
signals as discussed above. Utilizing the same hybrid 1 1 and receiver 1 3, therefore, the application of a second 
message signal will results in the recovery of a second data signal, denoted R'(t) in FIG. 1 . 

As discussed above, the techniques of the present invention may be extended to applications where it is 

5 desired to provide both polarization and phase diversity. FIG. 2 illustrates a particuiar detection arrangement 
100 which is capable of providing these functions. Phase diversity is particularty useful in relieving the narrow 
linewidth restriction of the laser sources, as discussed above. In particular, an optica hytirid may t»e used to 
fbnn a set of four optical signals with a fnrstpair having a relative phase difference of 0° and 180°, and a second 
pair with relative phases of 90^ and 270^". Any change in phase of the signals at the input to the hybrid wOl thus 

10 be canceled by the summing operation performed on the set of output signals, similar to the polarization diver- 
sity calculations described above. A complete description of an exentplary phase diversity arrangement may 
be found in the article entitled 'Integrated Optics Eight-Port 90** Hybrid on UNbOa", by D. Homnann etal. appear- 
ing in the Journal of LIghhwave Technology. Vol. 7, No. 5. May 1989 at pp. 794-8. 

Referring back to FIG. 2, arrangement 100 is seen to comprise an optical hybrid 110 which is capable of 

IS providing polarization and phase independent outputs, and a receiver 130 which Indudes two separate receiver 
units 132 and 134. In operation* the received message signal E,(t) is applied as an input to polarization beam 
splitter 12 which provides as the pairof orthogonal outputs signals Eh(Q and Ev(t), where signal E»(i) propagates 
along first section 14 of polarization maintaining fiber and signal Ev(t) propagates along second section 18 of 
polarization maintaining fiber. The lineaily polarized local oscillator signal ELo(t} is evenly divided, in tenms of 

20 optical power, by polarization maintaining coupler 22 Into first and second components EloiW and EL02(t), with 
component EtotW propagating along section 24 of polarization maintaining fiber and component Elc^W propa- 
gating along section 26 of polarization maintaining fiber. The portion of optical hybrid 1 10 discussed to this point 
is identical to that described hereinabove in assodatfon with FIG. 1 . However, couplers 1 6 and 20 of hybrid 1 1 
in FIG. 1 m replaced In accordance with this phase independent embodiment of the present Invention by first 

25 and second phase diversity hybrids 160 and 200, respectively. 

In general, phase diversity hybrid 160 indudes four separate polarization maintaining couplers and phase 
shifting means. Particulariy, signal component E„(t) is applied as an input to a first coupler 1 62 which functions 
to split EhW into two separate signals, where coupler 162 functions in the same manner as the polarization 
maintaining couplers previously described. In a similar manner, local oscfltator component ELoi(t) Is applied 

30 as an input to a second coupler 164 which functions to split component EloUQ Into two separate signals. 

In accordance with the phase dh^erslty aspect of this embodmient the four outputs from couplers 1 62 and 
164 are then phase delayed relative to one another such that there is a 90^ phase shift between the two mes- 
sage signals and. simitariy. a 90*> phase shift between the two local osdliator signals. A first phase shifter 166 
is illustrated as coupled to the first output from coupler 1 62, with a second phase shifter 1 68 illustrated as coup- 

35 led to the second output from coupler 164. The phase-delayed message signal Is then combined with the non- 
delayed local oscillator signal in a third coupler 1 70, where the two outputs from coupler 170 wil be a pair of 
signals with a relative phase difference of 1 80*'. That is, the signal appearing at ports AH and BH of phase hybrid 
160 will be llneariy polarized (i.e., indude only cosine tenns). In a simBar manner, the remaining message signal 
component is mixed with the phase-delayed local oscillator signal in a fourth coupler 172, where the pair of 

40 outputs from coupler 172 appearing at ports CH and DH will also have a phase difference of 180**, but will be 
circulariy polarized (i.e., Indude only sine terms) which are orthogonal to the outputs at ports AH and BH. There- 
lore, the outputs from ports BH. CH, and DH can be defined as having a phase relation of 180^ 90"*, and 27Qr 
witii respect to the output from port AH. In accordance with the teachings of the present Invention, the set of 
four outputs from ports AH, BH, CH and DH of hybrid 160 will all be of the same polarization, defined as the 

45 "horizontal" polarization in FIG. 2. The set of four outputs may tiien be applied as inputs to a first balanced 
receiver unit 1 32 of rece'n^er 1 30, where recehfer unit 1 32 is simQar In design to receiver 1 3 of 
from receiver unit 132 Is tiius a cunent ^t) which is independent of the phase of the incoming signals. 

The components of the remaining orthogonal polarization may be created in phase diversity hybrid 200, 
which is identical in form and function to phase diversity hybrid 160 described above. Therefore, the output of 

so phase diversify hybrid 200 wffl be a set of four signals mixing components Ev(t) and EijQ2(t), witti ttte signals at 
ports BV. CV and DV having a phase relation of 180», 90», and 270*. respectively, with the output firom port 
AV. The four "vertlcsd' outputs are then applied as inputs to a second balanced receh^er unit 134, identical to 
receh^er unit 132 defined above. Second balanced receiver unit 134 tiius produces as an output a current lv(t) 
which is independent of phase of tfie incoming signals. As witii the arrangement of FIG. 1 , the recovered mes- 

55 sage signal R(t) is formed in arrangement 100 of RG. 2 by combining the output cunenfs Ih(Q and V(0 from 
iBcehm units 132 and 134, respectively in an adder 140. As above, the summation of adder 140 wHI remove 
the polarization dependent terms from the recovered message signal. 

FIG. 3 illustrates an altemative phase diversity hybrid 1600 which may be utilized In tiie anangement illus- 
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trated in FIG. 2. Basically, coupler 162 of hybrid 160 is replaced in this embodiment with a 45'' rotator 1610 
and a polarization beam splitter 1620. As shown in FIG. 3, rotator 1 610 is positioned at the Inteifaceof polari- 
zation maintaining fiber 14 and hybrid 1600 so as to provide a 45*" rotation to component E^t). The rotation 
allows for polarization beam splitter 1620 to then divide signal Et^t) into substantially equal components which 

5 then propagate through phase shifter 1 66 and couplers 1 70, 1 72 as described above. In a similar manner, conv 
ponent Ev(t) may be propagated through a second 45® rotator with the rotated signal being provided as an Input 
to a second polarization beam splitter. The rotation of signd Ev(t) thus provides as the output from the sputter 
a pairof signals of relatively equal power. 

It Is to be understood that there exist a number of modifications to the above-described embodiments which 

10 are considered to fall within the scope of the present Invention. In particular, another embodiment of the present 
invention may utilize an alternative demodulating arrangement including single photodiode recelvefs, Instead 
of ttie paire of photodiodes used in the balanced recehrer configuration of RGs. 1 and 2. Additionally, ttie present 
invention is not limited to systems utilizing DPSK modufation, since alternative signaling schemes, including 
but not limited to FSK (frequency-shift keyed) or ASK (amplitude-shift keyed) modulation could also be utilized 

IS with tiie optical hybrid of the present invention. In partteuiar, the use of FSK signaling would result in a received 
message signal £.(1) of the form: 

Es(t) = V2Ps COS(0>s+AQ))t. 

20 where Ao> = 0 for a firet logic value and is fixed at a constant for a second logic value. Alternatively, the use of 
ASK would result in a received message signal Es(t) of the fomi: 

E,(t) = M(l)V2Prcoso^U 
25 where M(t)s0 for a first logic value and M(t)-M for a second logic value. 



Claima 

30 1. In a coherent lightwave detection system, an optical hybrid for providing poiarizatton independent signal 
recovery, the hybrid including 

polarization splitting means (e.g., 12) for dividing an incoming lighNvave message signal into first 
(Eh(-)) and second (Ev(^)) orthogonal components of a first and second polarization state, respectively 

CHARACTERIZED IN THAT 
as 016 hybrid further oomprises 

means (e.g.. 22) for dividing a local oscillator signal of a known frequency and known polarization 
state into first (E|.oi(t)) and second (EL02(t)) components of essentially equal power 

first combining n^ans (e.g., 1 6) for mixing together the first message and local oscillator signal com- 
ponents in a manner such that said components are botii of the first polarization state, and providing as 
40 an output a pair of combined signals (EHi(t).EH2(t)) of the first polarization state; and 

second confining means (e.g., 20) for mixing together the second message and local oscillator sig- 
nal components in a manner such tfiat said components are both of the second polarization state, and pro- 
viding as an output a pair of combined signals (Evi(t).Ev2(t)) of the second polarization state, the output 
fipom the firet and second combining means fomning the output of the optical hybrid. 

45 

2. An optical hybrid as defined in daim 1 wherein the polarization splitting means comprises a polarization 
beam splitting cut>e. 

3. An optical hybrid as defined In daim 1 wherein the polarization splitting means comprises a fiber polarizer. 

4. An optteal hybrid as defined in daim 1 wherein the local oscOlator dMding means comprises a polarization 
maintaining coupler. 

5. An optical hybrid as defined In daim 1 wherein the first and second combining means comprise a pair of 
55 polarization maintaining couplers. 

6. An optical hybrid as defined In daim 5 wherein the couplers are fiber oouplere. 
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7. An optical hybrid as defined In daim 1 wherein 

the polarization splitting means is further receptive to a second incoming lightwave message signaf 
(E's(t)) for dividing said second message signal into first and second orthogonal components of the first 
and second polarization state, respectively, the components of the first and second message signals exiting 
said splitting means in a manner such that orthogonal components of like polarization state propagate along 
the same signal path to the first and second combinmg means; and 

the means for dh^dlng the local oscHlator signal is further recepGve to a second local osdltator signal 
(E Lo(t}). of a frequency different from the first local oscillator signal, for mbdng with the second message 
signal in the first and second combining means. 

8. An optical hybrid as defined in daim 1 wherein the hybrid is further capable of providing phase independ- 
ence, the first and second combining means each comprising phase diversity means (e.g., 160, 200) cap- 
able of fonning as a set of separate outputs a first pair of signals which are separated m phase by 180'' 
and are linearty polarized and a second pair of signals which are separated In phase by 180^ and are dr- 
culariy pdarized. 

9. An optical hybrid as defined in daim 8 wherein each phase diversity combining means comprises 

a first polarization maintaining coupler (e.g., 162) responsive to the associated message sign^ com- 
ponent for providing as separate outputs first and second signals related thereto; 

a second pdarization maintaining coupler (e.g., 164) responsive to the assodated local oscillator 
s^nal component for providing as separate outputs ftrst and second signals related thereto; 

first phase adjusting means (e.g., 166) for providing a 90' phase rotation of one output of the first 
coupler with respect to the remaining output of the first coupler; 

second phase adjusting means {e.g., 168) for providing a SO"" phase rotation of one output of the 
second coupler with respect to the remaining output of the second coupler; 

a third polarization maintaining coupler (e.g., 170) responsive to the output from the first phase 
adjusting means and the non-delayed local osdllator signal for providing as a pair of outputs the first pair 
of s^nals of the associated polarization state which are separated in phase by 180^; and 

a fourth polarization maintaining coupler (e.g.. 172) responsive to the output from the second phase 
adjusting means and the non-delayed message signal for providing as an output a pair of signals of the 
associated polarization state which are separated in phase by 1 80" and shifled in ptmse by 90" vrith respect 
to the output from the third polarization maintaining coupler. 

10. The optical hybrid as defined in daim 8 wherein each phase divers!^ combining means comprises 

rotation means (e.g., 1 610) for providing a 45" rotation of the associated message signal component; 

polarization beam splitting means (e.g, 1 620) coupled to the output of the rotation means fbr provi- 
ding a pair of message signal outputs, each output of relatively equal power 

first combining means (e.g., 164) coupled to receive the assodated local oscillator component for 
providing as a pair of outputs separate portions of the associated local oscillator component, each portion 
of relatively equal power; 

first phase adjusting means (e.g.. 1 66) for delaying the phase of one polarization beam splitting out- 
put 90" with respect to the remaining output; 

second phase adjusUng means (e.g., 168) fbr delay the phase of one output from the first combining 
means 90" with respect to the remaining output; 

second combining means (e.g., 170) coupled to receive the phase-delayed message component 
and the non-delayed local oscillator component and providing as the first output a pair of signals which are 
separated in phase by 180"; and 

third combining means (e.g., 172) coupled to receive the phase-delayed local oscillator component 
and the non-delayed message component and providing as the second output a pair of signals which are 
separated in phase by 180" and shifled in phase by 90" with respect to the output firom the second com- 
bining means. 

11. A polarization Independent coherent lightwave detection arrangement capable of a recovering adata signal 
(R(t)) from a received message signal (JE^i)), the detection arrangement comprising: 

an optical hybrid induding 

polarization splitting means (e.g., 12) responsive to the received message signal for dividing said 
message signal into first (EH(t)) and second (Ev(t)) orthogonal components 
CHARACTERIZED IN THAT 
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the optical hybrid further comprises 

first polarization maintaining combining means (e.g., 22) responsive to a locally generated lightwave 
signal of a known polarization state for generating first (Eu)i(t)) and second (Etozlt)) local components of 
relatively equal power; 

second polarizafion maintaining combining means (e.g., 16) coupled to receive the first components 
of both said received message signal {E»(t)) and said locally generated lightwave signal (ELoi(t)) for pro- 
viding as outputs a first signal (EmCt)) and a second signal (EH2(t)). each containing portions of both said 
first message and said first local signals; and 

third polarization maintaining combining means (e.g., 20) coupled to receive the second components 
of both said received message signal (Ev(t)) and said locally generated lightwave signal (EtozCt)) for pro- 
viding as outputs a first signal (Evi(t)) and a second signal (Ev2(t)). each containing portions of both said 
second message and said second local signals; and 

the detection arrangement further comprising 

a receiver (e.g., 1 3) responsive to the lightwave output signals from the second and third polarization 
maintaining combining means of said optical hybrid for converting the l^htwave signals into electrical rep- 
resentations thereof and combining said electrical representations to provide as an output the recovered 
data signal. 

12. A polarization independent coherent lightwave detection anangement as defined in claim 11 wherein the 
receiver comprises 

first converting means (e.g., 32) responshre to the output from the second polarization maintaining 
combining means for providing as an output an elecbical representation thereof; 

second converting means (e.g., 40) responsive to the output from the third polarization maintaining 
combining means for providing as an output an electrica! representation thereof; and 

denrKMlulating means (e.g.. 1 58. 60, 62) responsive to the electrical outputs from the first and second 
converting means for squaring each stgnai and summing the squared signals to form as the detection 
arrangement output the recovered data signal (R(t)). 

13. A polarization Independent coherent lightwave detection arrangement as defined in claim 12 wherein the 
receiver first converting means comprises 

a balanced receiver including 

a first photodiode (e.g., 34) for recehfing the first output component from the second polarization 
maintaining combining means and providing as an output a first photocurrent related thereto; 

a second photodiode (e.g., 36) for receiving the second output component firom the second polari- 
zation maintaining combining means and providing as an output a second photocurrent related tfiereto; 
and 

amplifying means (e.g., 38) responsive to the first and second photocurrents for providing as an out- 
put a first photocunent (iH(t)) representative of their difference; and 
the receiver second converting means comprises 
a balanced receiver including 

a first photodiode (e.g., 42) for receh^ing ttie first output component from the third polarization main- 
taining combining means and providing as an output a first photocurrent related thereto; 

a second photodiode (e.g., 44) for receiving the second output component from the third polarization 
maintaining combining means and providing as an output a second photocurrent related thereto; and 

amplifying means (e.g., 46) responsive to the first and second photocurrents for providing as an «Jt- 
put a second photocurrent (lv(l}) representative of their different^. 

14. A polarization independent coherent lightwave detection arrangement as defined In dalm 12 wherein the 
receiver further comprises 

first squaring means (e.g., 50) responsh/e to the outputfrom the first converting means for generating 
a squared representation (in^t)) of the first difference photocurrent; 

second squaring means (e.g., 52) responshre to ttie output from tite second converting means for 
generating a squared representation of ttie second deference photocurrent; and 

summing means (e.g., 62) for adding together the outputs from the first and second squaring means 
and providing as the output of tiie lightwave recehrer the recovered data signal (R(t)). 

15. A polarization independent coherent lightwave detection arrangement as defined in dalm 14 wherein the 
first squaring means comprises a first delay demodulator (e.g., 54) and the second squaring means com- 
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prises a second delay demodulator (e.g., 56). 

16. A polarization independent lightwave detection anangement as defined in claim 15 wherein the frst delay 
demodulator comprises 

a first delay line responsive to the first difference photocurrent from the first converting means for 
gmerating a first delayed photocurrent (iH(t-T)); and 

a fifst multiplier responsive to l>oth the first dUference photocurrent and the first delayed photocur- 
rent, the multiplicative product output tieing the squared representation (in^t)} of ttie first photocurrent; and 

the second delay demodulator comprises 

a second delay line responsive to the second difference photocurrent output from the second con- 
verting means for generating a second delayed photocun^nt 0v(t-T)); and 

a second multiplier responsive to both the second difference photocurrent and the second delayed 
photocurrent the multipiicative product output t>eing the squared representation (iv^t)) of the second photo- 
cunenL 

17. A polarization independent coherent lightwave detection arrangement as defined in claim 14 wherein the 
receiver further comprises a first bandpass filter disposed between the first squaring means and the sum- 
ming means and a second bandpass filter disposed between the second squaring means and the summing 
means. 

18. A polarization independent coherent lightwave detection arrangement as defined in daim 1 1 wherein the 
optical hybrid is formed as a monolithic stnicture with integrated polarization maintaining optical 
waveguides utilized to interconnect the polarization beam splitting means and the first polarization main- 
taining combining means with the second and third polarization maintaining comt>ining means. 

19. A polarization independent coherent lightwave detection arrangement as defined in daim 1 1 wherein the 
optical hybrid comprises discrete components with polarization maintaining optical fiber utilized to inter- 
connect the polarization beam splitting means and the fiist polarization mabitainlng combining nwans with 
the second and third pdarization maintaining combining means. 

20. A pdarization independent coherent lightwave detection arrangement as defined In daim 1 1 wherein the 
received message signal is a DPSK modulated signal of the fbmi: 



21. A pdarization independent coherent lightwave detection anBngement as defined in daim 1 1 wherein the 
first and second polarization maintaining combining means comprise a pair of polarization maintaining fiber 



22. A polarization independent coherent lightwave detection arrangement as defined in daim 1 1 wherein tiie 
optical hybrid Is further capable of providing phase independence, the first and second polarization main- 
taining combining means each comprising phase diversity means capable of fbnning as a set of separate 
outputs a firet pair of signals which are separated in phase by 1 60*" and are lineariy polarized and a second 
pair of signals which are separated in phase by 180** and are diculariy polarized. 



E,(t) = M(t)>/2^cos[ca5t+e,(t)], and 



the locally generated lightwave oscillating signal is of the form: 



EloW = V2Plo cos[(Oijot+«u>(t)]. 



couplers. 



12 




13 



EP0 445943 A2 



FIG. 3 
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